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SUMMARY.

AND FIN OF AN AIR-

Tbis investigation was cmried out by the N&tional Advisory Committee for Aeronautics
at the Langley Memorial Aeronautical Laboratory for the purpose of determining the loads
which occur on the vertiwd tail surfaces in f7ight. The method consisted in measuring the
prexmres simultaneously at 28 points on the rudder and fin by means of a recording multiple
manometer. The resultsshow that the maximum load encountmd in stunting was 7 pounds
per square foot on the rudder and fin, and it is probable tkt this n@ht rise to 10 pounds per
square foot in a violent barreI roll; but “in steady flight the average loads do not exceed 0.6
pound per square foot. The maximum load on the rudder and fin may occur at the same
instant as the maximum load on the horizontal tail surfaces and the maximum normal acceler-
ation. T& torsional moment about the axis of the fusekge due to the rudder and fin may
rise as high as 250 foot-pounds. The results obtained from this investigation have a direct
application to the design of the rudder, fin, and fuselage.

INTItODIXTION.

At present there are apparently no data available on the loads that may be experienced
by the rudder and fin in flight. The desigg of these parts has been btxmd partly on wind-
tumel tests and partly on actual experience, but what the actual magnitude and distribution
of load is during various maneuvws has not been even
approximately lmown. It has been the usual practice in
airplane deign to require the rudder and fln to withstand
15 to 25 pounds per square foot, or somewhat 1- than S*
for the horizontal tail surfaces, although many actusl
structures have twice this strength.

In order to obtain exact information as to the character
of rudder and fi loads, a standard i-udder and fi on a m. !&al&&SllOwIngmew of applying ~

holes In rudder.
JN4h was fitted up for measuring the pressuredistribution.
The airplane was then flown under several conditions of steady f3ightand through suoh maneuv&s
as were thought to impose the greatest stresses, while continuous records were being made of
the various preswms, the control position, the air speed, and the normal accekration.

METHODS AND APPARATUS.

The apparatus used in this investigation consisted of a multiple manometer for recording
@nultaneously 30 pressures, a control position recorder for the three controIs, a recording air

speed meter, and a recording accelerometer. These instruments are the same as were used to
obtain the lcesultain Report No. 14s, where a fti description of them is given. As the rudder
and h were quite thin, it was necessary to employ a somewhat M&ent method of construct-
ing the pressure hoka than had been used previously. This method’ is cIearly shown in
Fwes 1 and 2, and proved to be higkdy satisfactory as it gave a smooth sharp hole on the
surface with no possibility of leaks. The form of the rudder and b with the location of the
holes is shown in Figure 3.

Wlmemlmcbesmngen, Technlsohe Berichte, Oct. M, IOU.
441

-.

-------

—.

—,

.—.

.—
-—

-..——

.. . .



442 REPORT NATIONAL ADVfiORY COMMIITEE FOR AERONAUTICS.

The methods of testing were exactly the same as thoso described in RoporL No. 148 and
consisted in flying the machine through the various rn_aneuverswhile simultauoous records wcro
being taken on all of the instruments. Zero points were taken at the beginning and end of
each record and the air-speed meter was calibrated on each ~ht. All of these ilighti were
made at such an altitude that the air density was 0.9 of standard, but neither the air spocd
nor the pressures are corrected for density.

The scope of the tests consiate of the foIlowing runs:
1. Several steady flights at various air and motor speeds. . The loads experien~d in uni-

form flight were so small, however, that the results are not given here,
2. A steeply banked l@ turn at 75 miles a.nhour.
3. A bard roll to the right. Unfortunately this roll WS9commenced at too low an air

speed, as can be sem from the records, so that the rudder load is probably considerably smaller
than normal with a roll on this type of airplane.

4. A tail spin of two and one-half turns to the right.
The pressureswhich are worked up in the same way as for Report No. 14S are first plottad

along sections parallel with the X axis of the airplane. The areas of these curves are then

C.G.of r&ddcr and % — -
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plotted along a vertical base Iine, the mea under this resulting curve giving tho total load on
the rudder and h. This method was adopted as it was thought that the vertical position of
the center of pressure was of more importance than the horizont.al position, although the latter
can be found from the cur-veeincluded if any one wishes h carry through the integration. Aa
the area of the fin was small it was not separated from the rudder in any of these cases.

The discussion of precision given in Report No. 148 applies equally to this investigation,
although as the”spacing of the pressure holes was closer in this test the errors due to misdraw-
ing the curves will be considerably smaller. Altogether the load on the rudder and fin should
be precise to 0.3 pound per square foot.

ltlMIJLTSOF TESTEL

LEFT TURN.

In Figure 4 there are shown the pressures over the entire surface of the rudder and fin for —
various intervals of time during the turn. The main features of interest are the high peaks
of pressure at the leading edge .of the & and somewhat back of the rudder hinge. The maxi-
mum local load indicated is approximately 21 pounds per square foot.
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In Figure 6 them are shown curves from all of the instruments plotted against a timo
scale, together with the total load on the rudder and fin and the vertical position of tho center
of pressure. At the beginning of the turn, left rudder and aileron are given simultaneously
and a little later the elevator is pulIed up, while in coming out of the turn extreme right rudder
is given. The load on the surfaces follows very closely the angle of the rudder; the load first
reaching a negative value of about 4 pounds per square foot, and coming out of the turn a posi-
tive value of about.6 pounds per square foot. It is interesting to notice that tho vertical posi-
tion of the center of pressure remains at all times at nearly tho same height as the center of
gravity of the area of the rudder and fin.

BARREL ROLL.

In Figure 6 are shown the curves of pressure over the rudder and fin for various intervals
of time, and as is the case with the previous runs a high peak is shown at the leading cdgo of

$-

l%ein aecgnds

Fm. 5.—Mt twn.

the fin and immediately behind the rudder hinge. It is interesting to compare this distribu-
tion of pressure with that on the horizontal surfaces as shown in Report No. 118, whoro the
positiona of the pressure peaks occur in similar positions.

In Figure 7 are given the records of the various instruments plotted against time, except-
ing that the position of the elevator and aileron were not obtained in this run. The air speed
was too low at the beginning of this maneuver to carry through a smooth roll with this typo
of machine, therefore the first peak in the acceleration curve is unusually low and it wotdd be
expected that the maximum rudder load of 6.5 pounds per square foot might reach as high
as 10 pounds if the roll was commenced at the usual speed of 100 miles an hour. The center
of pressure in a vertical plane oscillatw about considerably, but where the load on the rudder
is great it lies close to the center of gravity of the rudder and h area.
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TAIL SPIN.

In Figure 8 are shown the curves of pressure over the rudder and fin for a tail spin and as
in the previous cases the highest loads occur at the leading edge and immediately behind the
hinge. The total load on the rudder is shown in Figure 9, together with the records from the
other instruments. During the spin itself the load on the rudder and fin amounts tQ only 3.5
pounds per square foot, but in pubg out of the spin the load rises to about &5 pounds per

—
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FIG. 7.–Ro.l to right.

square foot. The vertioal position of the center of pressure lies throughout very olose ta the
vertieal position of the center of gravity of the area.

CONCLUSIONS.

The rasult.sobtained from this invwtigation will enable designem to know mqoh more
closely than hitherto the nature and magnitude of the loads acting on the rudder and fin of an
airplane. Contrary to our previous beliefs, the loading on the verticaI surfaces is generally
greater than on the horizontal ones.

It is recommended that in sand-load tests a unit load of 2 pounds per square foot be used,
this unit being multiplied by the designed load factor of the wings to give the maximum load
on the rudder and fin. The center of gravity of the load may be taken vertically at tho same
level as ‘&e center of gravity of the area, while the fore and aft distribution should be M shown
in Figure 10. Care should be taken in all designs to make the leading edge of the fin stifl,
as it is believed that nearly all tail surface failures are due to vibration.

The operation of all of the instruments in this test were satisfactory and, exoept for a few
detailed changes for increased convenience, no alterations are considered necessary. The
ruethod of applying pressure holes is satisfactory and will be used in future tests. When
urther work of this natura is carried out it is believed that it will be desirable to make similar
tests on rudders and fins of different shapes and on airplanes of muoh higher speed.
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